HABITAT DEVELOPHENT ™11l . '0°TIOVS, FOLTUAR PENINGULA MARSH - 7~

AND UPLAND LABTTAT Dveramat ™ o e e ,vv!;m:'j"r_\y:( B u: mF‘EAS

APPENDIY £+  BASELINE INVENTORY OF WATER QUALITY,
SETDIMENT M Uiy, ashs ok TNASLCS

3%
John D. Lunz, Rlliw Clairain. Jr., John ¥ Siw mers

nvire cantal Isboratory
. Army Taginp Vatrryrys Expocimont Station
P. O. Box 65 Vicksbhure, Miss, 35180

fune 1978
- a2l Report

ri’ FEIYes BN P

Offce, Chief of Fngiieers. U,

Waeg™ington, D. C. 20014

Prepar.d for

)LUnder DMuY  wWuik withe f1i2e 4oidu



HADITAT DEVELDPMENT FIELD INVESTIGATIONS, BOLIVAR PENINSULA
MARSH AND UPLAMD HABITAT DEVEILOFMENT SITE

GALVESTOM BAY TEYAZ

Apvendix A: Baseline fnvent. : -t Quality, ond Hydrodynamics

Appendix B: Boseline Inventory of Terrestrial Flora, Fa:ma, and Sediment Chemistry . s
Appendix C: Baseline Invantory of Aquatic Rinta

Appendix D: Fropagation of Yeseular Plrnts end Postpre agation Mon. toring of Betenical, Soil,

v

Aquotic Biot:, ond Wildlifs Recnurces

Destroy this repo-t when no longer neered. Do no? retum

a

votn the eriginntor,




: A S T S N S t,
YT ERORY wuNBER :

;4ech'11ca] Repor: D-78-—IS | . ’,

LOTyrE OF REFQR & PEERICD COVERED

4 TITUE (ane Sureitie; HABIIA* Dr\erA wa rxnul IRVEST T~
"SATIONS, BOLIVAR PENINSULA MAKSH AFD UFLAND HARITAT| Final report
DEVELOPMENT SITE, GALVESTON RPAY, TEXAS; APPENDIX A:
SASELINE INVENTORY OF WATER QUALITY, SEDIMIN]

i FPERFORMIKG ORG. RESMORT NUMBER

AL TY.. AND HYDRIYRAMICS
7. AUTHOR(®) . L TEI T T OR GREnT W WL ER Y "
John D. Lunz .

EEllis J. Clatrain, Jr.
? Joluu W. Siumers

5. PE "1 ORMING ORGARIZATION NAME ARD ¢ 10 0E 55

EMLNT, RO EfT Tasx
OUMUT NUMSES .

ey

U. S."jk!'n!? En ineer Wat rave Twperieme-+ Sration
r.nvirOnnsentalgLage'aLgr$m e e DMRE Work Unit No. 1“’“13‘:«; ]
.04 -Box 631, Vicksbury, Lo

1. COMTROLLING OFFICE * / ME AND ADDRLLL
0ffice, Chief of Fapineers, U. S. Army June 1978

{asnington, D, C. 20314 T MUMEER OF PAGES
31

S ﬂcﬂ‘ion‘“a ACENCY MAMC & ACDRISS | o Terent fron (,‘Trr.r?rué'e'-’:uf Siifiew) 15 5 % L T¥ CLASE (nf thie tensrt)
g | Unclassified

i REFGAT DATR

O st

E'a&- OIETRIBUTION STATEMENRT (of thin Farc-:

‘
tApproved for public reolease; Jistrihution mlimited.

. DISTIIBUTION STATSVENT (of tha ebutract cntarad o Flnet 20, I #1975 cnme Iramy N pepet)

i8. SUPPLEHENTA =Y HOTES

19. ¥r Y WORDS {Cﬂﬂu;v. on reves ' s alde H ne:assory mrd idontify by Block mimber)
Habits: develnsenns Sedinnt

Roluvar Peninsula
iabie. . et rr o guality

Dreaged material
Field finvestigations  Hydro:
Galveston Bay Marshes

;40. ABSTRACT (Contimm e reverse sicw I no: nsasry st YSentity By Block poembar)
{Watzar and sediment gualitv an’ hvdrodinamics {n Calventon Bav st Rolivar Penin-

isula, Texae, were luventoried in conncection with a proposed ekarimental marah
and upland habitat development project using dredged amaterial N

Results of field studies at the site ard a review of historical data considering
various field parameters and ﬂutrient, metal, insecticide, and herbicide concen=~
rrations in the water and sediments are presented: studiers of tide and current

dird e Tetaepd v S



20.  ABSTRACT (Coutina ;.

The-bater and eediments we.e found ¢, b ivee o Lsovels of metals or organie - o
pollutants likely fo adver:ely nnrluoncn the sxperimental habitat development.
Nutrient concentrations were low zos . clvel owypen values hich.,  The sits onn
jintluenced by small short-roriod woves scouur the sediments on the site.
Water gtagns were between N.83 and ~0.37 m {Natioral Geodetic Vertilecal Datum)

98 percent of the time ond were strongly influenced by sesscnal wilad conditicns.
Wind. from the northwest 2° 16 to 23 i=/hr may lover the water stage as much as
0.30 m. Currenta flowed L soutuwesterly and not:theasterly directions with an
average velocity ct 21 ecm/sac during usual tide and wind eonditions. e

L+

=

RN
S

P N AL sk b e

0 i e e e

sonm-

e <t -
L SRR L

s v————T A



A itk bt

(VI
!
;
8] v)

[N,

KTINTS OF THIS REDORT ARE ROT TO

,, THE C
izt BE USED O sy 1N, PURLICATION, OR ;
- { FPROMOT T ., P YT LTI AT D AT :
v 4 ) o [ A SES N : <
L NAMES DobS Ror Lunvn vy Pan o

ENDORSENTNT OR AFTROVAL GF G4E USE OF :
SUCH COMMERCTAL PRODUCHS, C

hia
oo
i
]
Py
PR M g
[




This report presente water aqnality, sediment quality, and hvirn-
dynamic information collected by il 3 U. S. Geological Survey during SN
9 épril, May, June, and Augzust 1975, along with a review of selected PO
ﬁistoricnl data. The information was collectad for use by the U. S.’ : 3;¥W
' Axmy Corps of Engineers in evaluating enviromm:intal conditions ot a .
| propoaed marsh and upland hetitat development site on Bolivar Penineula ! ,57173
1n Galveston Bay, Texas. The low conceatrations of nitrogen and Co

.+ phosphorua species, the low blochemical ouvgen lemand (BOD), the low

e .
*7 roncentrations of heavy wotale. thn menr absenrs of ineecticide and -
1u herbicide residues, and ‘he o, o mnturation indicated

gg har conditions at the test sire were favorsbl’ for salt-marsh plant and
gnimal growth, ‘ S w‘aJ

101 . Water velocities 2t the test site exceeded 30 ca/pec durlng one
-q_?torm period but were less than 21 cu/see during uoual wird and tidnl‘:iﬁ
17 Ebnditions. Watexr gtagr: for 13 —~are of record were between 0.85 and'{
% ~0 37 @ (National Gecdet ic Vetlicas Datun} Curing Y8 percent of the
oo t:me. The mean water stoge from October 3673 to Eeptember 1975 wes
s 032 ma . B
» o The climate ar the test site was described by data collected ac,w
:?¢;~the Gaiveaton airport. The mean momthly air terperatures for 1940-60 ‘
p4 were 12 3 to 28.8° C, end the mean annual temprorature was 21.2%. The»‘fi”
“;.ﬂ %man ﬂonthly rainfall was 72,1 to 151.9 mm. ‘Thn mean snnual rainfall o
o5 was 1160,8 mm, '

rn_gt Wind speeds greater than 21 km/hr, which occurred 65 percent of

*T tbo daya each year, caused changes in thc water gstages, West and north
: y!!t winds caused the greatest stage change for the least wind. Wlndazi'
L Bf 24 to 32 km/hr from any direction cauced stane changes between 0.13 |
ﬁnd 0.30 m, but southear: vinds gronter rhan 32 km/hr were required to
ﬁauau more than an 0.30




Data presented in ihis reportwere collected under Interagency
Agreement Nos. WESKF 75 95 and 76-59 dated 25 Msrch 1975 and 18 November
- 1975, between the U. §. fiwmy Noginoor Votirmiaryys Dxperiment Statioa (WES),
< Vicksburg, Mississippi, and the U. §. Gerioglcoal Survey (UsGR), Austin,:
* Texas, The agreements ware sponsorrd hv the OFfica, Chief of Engineers. ’j

- Ue 8. Army, wider the Diedged Matorial Research Program (DMRP) which

"+ %iwas menaged by the Znvivonmental Laboratory (F), formerly the BRI
4., Envirommental Effects luohoratory, WLS. AT LN
Ll-{ : Field collections and observations, sampl: sralvzea, and Initial ;

'data reduction were conducted under the supervirsion cf lir. D. C. Hah?, EpsV“

‘Ch‘af, Texus Bays and Lstuaries Project, USCS, and tranemitted to chu

l

N Rew

i guVironmental Laboratory as an open~file report, "“Data on Watev Qualityy"“\””'
fand nydrodynamics at the Bolivar Wetland - Habitat Development Site, ‘f. |
kﬁ;calﬁeacrn. Texas." Hydrologic aspects of the open-file rcport ara Con—ffsf -
1'5; tained heretn as amplif.od and reviend by Mr, 412is J. Clairain, Jr., ;
FRt Yiahﬂries Biologist, I nd revisions of text and

, %?“tabnlar materials for puviication were made by Mr., John D, Lunz, Marine W‘

uxologist, EL, and Dr. Jobn W. Simmers, Biologimt, EL. The euitoxiaLJ
Bupcrviaor was Me. Dorothy T, Douth.
‘1

£

, The agreement was monitorel by Mr, Lunz oud coordinated by Dr. Johﬂ
ﬂpyrne, Bics Coordinator, EL. ,
' ‘The project was under the general supervision of Dr. H, K. Smith. !
ﬁilrroject Manager, Habitat Development Project; I'r. €. J. Kirby, Chief, - R

* Eavirommental Resources Division; ard Dr. John Harrieon., Chtef, EL, -

Commanders and Divectors of WES during the preparation and publica=i.
. tion of this report wer: COL G. H. Jiilt, CE, and COL J. L. Cannon, CB, " =
» Technical Director wea b, ! ‘13;1%‘ |
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HABITAT DEVELOPMENT FIFLD INVESTIGATIONS
BOLIVAR PENINSULA MARSE AN UPLAND
HABITAT DEVELOPME v'r & i”“E

XK T A
MLVESTORN DAY,

APPENDIX A: TFASELIUE INVENTORY OF WAFYR QUALITY, SEDIMENT
QUALITL, AND HYDRODYNAMICS

Luirovauciion

1. This repcri presents water quality, sediment quality, waterﬁﬁv“

stage, and water v~locity and direction drta vollected by the U, S.

Geological Survey (7SGS) in response ¢o a 30 January 1975 request

. f trom the U. S. Arm Fnrineer Watovways Expeoriment Station (WES) to
\i participate in a study of envicoow otal conditions at the Bolivar o
yf, - Peninsula habitat development site (Figur@ 1). ‘
| 2. Lhe Bolivar Peninsula t.-. slte 18 located near lat., 29925'5

Vairport. The test aite {8 in the Calveston Bay rench of the Trinity~

itcninsula.‘ :

el - 3. The objective of the program is to dcvelop a8 marsh and
”>upland habitat complex usfng dredged material from the In*rauoaatal :
aﬂhterway as a substrate, The dredged material will be protected by a:
"aike. The objective of the work by the UGS was to document the waterf
'and aediment qualiry and hydrodynamic conditions at the proposed - ‘
- ‘project location. ’.
© o jatoee Ae To achic . , i UBGS scheduled hydrologic

-

s atudies prior to anrd during development of the gite, In thae cnndnor
of thean atudius, the USCS arrarpnd: ‘

a. To review and summarize climatic data for the neareut
weather station. e

: . b. To collect water quality and sediment quality datﬁ hf'._
P the test site and to perform a literature search to .
ascertain the applicability of historical data.

c. To entablish a water stage recorder at the test site
or determine historical water gtages by correlation of



the tost site data with data from a nearby long-term
water astaee rvecorder end evnluste chaneer in wnter stage
due to wind velocitiesn,

. d. To measure water velocities and directions at the test
‘ site during extreme conditions.

5. The work proposal and sampling «ites (Filgure 2) were agreed
- upon by USGS and WIS representatives, and vork began in April 1975.
’ By June 1975, n water stace reoorder was fnastatled; th-ce water qualit&
;o - surveys were completed; water veloeities were mensured; and historical -
g . water quality, clinatolopical, and water stege data were nbtained.1 In
September 1975, a ¢ .o " olana by the Corps of Engineetlf
tcaueed discontinuance of ail wurk by the U3GS except operation of thh

‘Water stage recorder.

Climnte
; . Be The teat aite {4 on the bayward :ide of a 3. 2-km-wide Bdftiaif
h _peninsula along the Gulf of Nexice. ihe Joliowing data, taken from

"clﬁmﬁtography of the United States" (U, 8. Weather Buveau 1965),
1mmaue the mild climate of the areca.
:7. Mean monthly air temperatures at the Galveston airport for”
21 years of record (1940-60) ranped from a high of 28. 8 C to 8 luu uf

"12 3°C. The mean annual temperature was 21.2°C, Air temperatura for

' V'36 7 % and -7.8°, Lo
8. Mean monthily rainfall at Galveston airpor' for 21 years of
racord (1940-60) renzed from » high of 151.9 mm to a low of 72.1 mn.

The mean annual raf -~ .- © oo Painfall for 10 years of

record (1951-60) w. ... .. . ..ic ou an average of 23 days a year
and for 7 years of record [1954-60) was 2.5 mm or less on an ~vord,

b hn b

of 52 daya a year.



: . 9+ Frequency of wind occurrence and mcan wind velocity data based -
bn 87,690 hourly obhs-rvations Jduring the 10-year period 1951-60 (U. 8.
- Weather Bureau 19€7) 7nr rhe Oalvoaron aiinert are gummarized in Table
- % 1. These data show tlat winds nocur eon an average of 99 percent of thc"i
- ‘days eaéh year and that the mesn daily wind speed exceeds 21 km/hr it
45 percent of the days each year. -
T 10. The selection of the two periods shown in Table 1 is based ou;fﬁf
o t ﬁredominanr wind directfons., Trom Mevch through August, wind is from I
o ﬁ;‘g-the eouth quadrant 62 percent of the days; from September through ;;\-f
' ;5ﬁFebruary, wind is fiom the northeast 1uadrnnL 46 percent of the daya;ﬁfi“{”

S
i A
' Water and Sediment Quslity
';{ﬁ§~ © 11. Water and grdiment quality at the proposed site were deter= .-

# minéd vy considering hoth historical data from the nrea and an snalysis’ |
30 of water and cediner | 't +ha USGS during this project. i
i Historical data

<R U012, As part of 1ts Galveston Bay project, the Tavag Wasow ﬁvggi;;

S

17 Board (TWOB) conductad an pxtenctvr apewnline prasran 4n phe bay from .
LR
1

‘g’dhly 1968 to Seprember 1971. ‘Samples were collectad monthly from 15 fo

_.:Q;TWQB atudy. TFeview o7 the data from site 29 #nd TWQR data from other
'7r&i ites In Galveston Bay indicates that water quality was nearly uniform
’fiin the area of the br hartieon Taltear Paninaula and Hanna Reefy therghu
fore, ‘data from eite 29 cun e o swuaod wepresentative of coniition
4 'at the test site from July 1968 to Snptember 1971. S
: Data collection and analysis during this project o ﬁ?

*;£ ’ 13, During Aprii, May, June, and August 1975, 1n situ measuremtnt!

<l
sy

L
. of dissolved oxygen (70), pH, specific conductance, and temperature wero F'~
. mada, and laboratory noslyses for nutrients, major constituents, metalu,.hl"
: ;‘,., ¢



ingecticides, herbici’2g, and radiochemicals were performed. Specific | ;

' Parameters and procedures for both field collection/analysis and lshorae’

i tory analysie arn prec~ntad in Tahle 2 SRR

.

L

S 14, Table 3 ds o compavicnns of searar annlity data for samples .;'?gf
-/ collectad at a depth 2f 0,3 m .7om July 1958 to September 1971 by the .
© TWQB at site 29 and of similnr drca foir aampies collected at deptha of

0.3 up to 4.9 m from £pril to Augast 1975 by the USGS et the Bolivar ‘
ﬁ;;?v?eninsula test nite. All of the water and #edinent data collected for éfﬁf”

. 'this project by the Uil8 arc presented in Fd)leﬁ 4~10. [

’{"_‘ 15, Data collectad by the USGS show that the differences in
ot

t’vphemical and physical characteristics batween water in the bay and

;,fﬁiifiﬁﬁter in the Intracoastal Waterway are minor except for the dissolved

““fgih~oxygen concentratiﬂﬂo vhich averaged about 0.5 mg/2 less in the Intra~
IZJﬁinoaatal watarway- g

« - 16. Turbidity at the test site 1s a direct function of wave

T ‘ .
A7 puergy. O0a 14 May 1077, after 2000 nonvn, northerly winds increased i
'vto about 32 ¥m/hr. T S s1igh the night wetil a ° 0

"predawn lessening 0L (e wiou rvuacwsa tne wave heights, Through ~3,ﬂﬂ”
14 May 1975, winds continued at npacds greater than 24 kn/luw sud the o
1 turbidiry remafred hich. Southerdy oinds duing tue April, June, and -
=Atugust 1975 sampling periods were less than 24 lm/hr, and the resultan'
 Jtntb1d1tiea were much less than in May,

17;v The concentrations of nitrnogen specles wera low, but

oi dissolved oxygen wonld not occur.

S5 18. Analyses for minor elements and pesticides showed that the
j”* Loncentrations of thes  crormrioomet o ven 1oy most of them were too
,?3 kow for the analytical neiivis Lo woiccl. wesults of an analysia for

© g lead, mercury, and zinc hased on samples collected {n 1972 shout 91 m
-~ from line 610, site 40 (Calveston Diatrict 1975), showed concentratioms
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of the same order of magnitude as those coilected by the USGS in 1975
(USGS 1976).

¢

19, The low ceonrontrations of nitrogen and phosphorus species,

"

5 Ehe low BOD, the low concentrations of heavy metals, the ahsence of ;»f

insecticidn and herbifclde realduns, and the high dfasolved ouygen

T eaturatinn indicate that the Bollvar Peninsula test site ia nearly free'

o deersely affected by water quality,

“3'; .21, Water velocfties and dlrectlions at line 640, site 40,

v

5u.fo#xboth aampling periods are presanted in Tables 1) and 12,

y differed significant ly between May and June (Filaure 3). In May, with'

i from the southeast, flow at line 640, aite 40, was to the southweat 38
*. percent of the time, and veloclty averaged only about half (13.6 cm/

& of pollutants; therefore, marsh developrent at the site should not he

RAiN buring the June sampling period, winds were from the southeast and

g:bOderate. Observations were also made on Line 620, site &0. during the
"}bame periods in May snd Ju-o.

bnly when the water depth allowed boat access to the aita. The data °

g

-*.ihﬁ ltrong northerly wind rrramalnant, water movement was (o the aouthﬁk
P ]weat 80 percent of the i w.. . .. - lo.ity averaged 24.4 cm/aec.
’i.koztheastcrly water moveuent only occurred 20 percent of the tima, n»a

yater velocity avermged 21.0 cm/sec.

¥ E 22, During the June sampling period, when moderate winds were

?
- 2_: Water Velocitles and Directiona
‘74§ 20, Water vel~~itfes and Afroctions wore measured hourl y at
iine 640, site &0, ' - 0 0 C Y4 Meo until 0160 hours on 16 MA?FP&
‘%WQSZS. Surface winy., oo o eeeee - wer g piriod were from the north atff
+ 24 tq.32 km/hr,. Mersurements wore repeated at this site durine PO
"*"Pﬁll'i(‘d from 1300 Hovrs on 25 Tonne anvdl 1299 honrs on 96 Jeea 1075, f

sec) of that observed in May. Tl *o the acrtheast, however, occurted§

62 percent of the time with an average velocity of 12.5 cm/smec.



j _ 23. At line 620, site «u, close to the proposed habitat develop- -
<« . ment projact dike, only 7 observations were made in May aud 19 in Jund'f
o 1975, May current measurements, made during the strong ncrtherly wind,

L are presevted in ¥lgure 4, The average current velocit» during the

< gampling period wrs 14.8 cm/sec, and all flow was in @ 50uthwuater1§'

direction.

24, In June, with the modarate anttheanterly winds, cwvrent ‘f'

:g-velocity averaged 7.7 ru/ron for the 39 percent of the time that flow i
‘was to the southwrsi. " Tsnm A1 percent of the tima,‘
Javerage current velacity was 10.0 cm/sec, and flow was to the norths
.kgeaat (Figure AW

25. In sumrnary, observations made during thie study show thnt :
- currents flow parallel to the propesed site in Galveston Bay regardlesé”j
w‘ibf the tide or winl condition. inter weloclties and dir@ctiona are ‘
}:influcnced by bot. wind 4ol (ide. Slecin of northeast winda blnwing
water out of the bay are nepnted by inceming tides during shovt pe:iodA
;ofvlarge atage differences betunon tha ovlf apd the bay.  Velcelty

»diffet#nce during a tide cycle or between difforent tide cycles 1a a"
ifunction of head dtfferences 1f wind can be ignored. Antccedent windf;ﬂ%
,and water atages lave a marked effect on velocities, Nea. shore cuttent w

apeeds were lower tchan offshore current sreeds duriag bota aampling
periods.

Watexr Stages
, 26. A water stage recorder was inttalled at the test site oo
a2 16 May 1975. Datos of thin ¢roe vna ant to that of the U, S. Army
o Corpa of Engineos 2o+ 43,9 at 1,786 m National

+1" Geodetic Vertical Datum (NGVD) as determised in 1975. "By using &

 water level datum transfer based on 39 days of nonstorm record, it
was determined tha the duatum of the gage at Hanna Reef wiaes e

: rajised by 0.378 m to agree with the NGVD elevation for BM 2960 + 43.9.



BEH

. gage at Hauna Reef represent water gtages at the test glte most ¢f the

The following disonie | ¢ on the datam of BM
2960 + 43.9.

27. The range In water atage for the period January 1777 o

L ‘«/u-:',;.
Septemher 1975 5t 2an ool s 100 0T 00 L Yooy, Juting

about 98 pexrcent of that period, water stages were between (.85 and

=0.37 m; during more thm 50 pevcent of the pariod, water stages were
between 0.70 and ~0.21 m. o
: 28. A few storms occurred during the period of common record

between the pages at Henna Reef! snd the test rite. This common record
dndicates that water siages are the sawe ot both places vhen water 1s
being, blown into the h-v. but thnr wnper stapes are different when ‘
&ater is being blown ¢ = ‘ T e Ay iven by northerly winds ﬁ\.‘fﬁ

overrun the land, and (urii, .. ... . Luoviwe, Lhe Overrun persiste €or

wnat of the storm perind and appenrs to cause stages as mch ar 0,05 n
higher at the test gite than those at Hanna Reof,
29. lne wake frow oceangoing veaseln causes significant wava

action &t the site. T:cae waves a2ve (0.3 m or more in height; they

becux in groupa; and t:ov voll ot he ahove with surflike sction.
Thesa groups of waves, cven vp-ooon oo o oo st drregular Intervals,
probably will have an undetermined effect on the teat site. R

30, Beoview of the data cuisonts *vas Wi-roriecnl records [or the

time, The mean water srage nat Honna Renf, adiaeted to the datum of \
BM 2960 + 43.9, for the 24 months frou Jctober 1973 through September . TR
1975 18 0.317 m. An {llustration of application of the historicel
water stage data to the elevation gapeclficaticas of the proposed

habitat development preiect 18 presented by Flaure 5,

s

Deviations of Water Staves

31. Deviations {0 - o osvarnenrleal tidal fluctuna-
tions are usually o . tata for 1974 (National

Oceanic and Atmoapheric Administration 1474) ware obtalned from the

il
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Galveston office of the Nation2i Weather Service, tahulated, and re-
duced, and tide charts fov Calveston Bay at the Hanna Reef tide gage

were obtained from the Coivearon Misirict. For neriods of wind pgreater

tban 23 km/hr during 1937, the dalis =eon wind vodocities nnd directions
were selected from thr b - L © Cevvica Antar corresponding
deviations in tide stose - hhrte were noted.

These paired events were vrouped first by wind direction and second bv
wind velccity. The data were then sorted hy the magnitude of the change
in mrage. The renults ars glven fn Tablie 13,

32. The greatest d ~iotionnns froam mean wate o slags scour oo
winds from the weet nnd . coaens har ceeeterly uind, may
either decreare the watps abace wonn e ieat ofeh co abking tide or
increage the water stage 2y acticu with the fio line wide, Norvthwester-—
Tv winda tend to push woror out of yae oy i resard water entsrins

the bay. Windr off the Culf of Fewles [vom thae south, scutheast, and

southwest all tend to inc-ease the mean water gt2ge bv moving water fnta

or holding water in the cay. TFor the pevind of racerd in 1%74, wind
conditiong from the gouthiant werc most common, md veleocitles often

v

exceeded 32 km/hr ratsing water stacos 0.3 m, Lers comnon winds
from the southwest had sizilar offeats at more modevate velocities of
24 to 32 km/hr,

33. Different antec~dent wind velcceities “nd the coincidence of

peak winds with high or 1ow tides alrer the magritude »f the recorded

changes in stage. Altho ' o = o o were not examined,
the data in Table 17 cr v ios have unf{que

effects on water stages. The mapnitude and {recency of deviation from
usual tidal stagee and the time nf year that the deviat{ions should occur
can be interred by a comb .pation ol Lo intormation contuined in Tebles
1 and 13.

34. Winter wind conditiona favor a lower mran water satage than
sprine and summer conditiona. September to Febraary wind conditions
during the 10-year pertiod of record (1¢°1-60) were characterized bve

:

dominant winde feond{rfon hansd novevs oo Too 0y u srourvenoe



varying betwesen thore that tend to {fperenenr water stages and thoge .
that decrease water stages. Strongest average wind velocities occur ini b
winter from the north, northeast, and northwest, conditions that favor '
greateat downward deviations in water stage. By comparison with winter

© wind conditions, epring and summer winds predominantly come from "?A:Q

southerly directions and tend to increase the mean water stage.

R Tonclusicns and Recommendations

35. Water qual’*ty »nd oo o Lal'f. parameters are favorable:‘
‘for the establishment and growth of ialt-marsh plants and animala, ]
'{_?hosphorus and nitrogen species were present in low concentrations as 
'ﬁ'ﬁere heavy metals. Additionally, herbicide and insecticide residues f
o were absent, BOD was low, and disqo]vpd oxygen gaturation was high.
;3 -~ 36. Current velcclties excerded 30 cm/rec only during one storm
;;?period and were less than 21 cm/aer Acrdan vaunl wind and tide condi~"

RPN LR E

.“tions. Water etages for 98 percent of the parlod January 1963—aeptember,
51975 were 0.85 to ~0.37 m, and the mzan water stage for the perfad’
 :pctober 1973~Septenber 1975 was 0.317 m. .

SERS 37. The historical climate information for 1940-60 indicated

. mean monthly temperatnres of 12.3" to 28.8°C and & mean annual tempera-
.7 ture of 21.2°C. The mean monthly rainfall was 72.1 to 151.9 mm, and @~
© the mean annual rainf21ll was 1160.8 mm. ‘fj!

e 38. Wind velocities greater than 21 km/hr cccurred 45 percent nf |

the days each year an! caused changes in the water astage. West and
northwesterly winds crused the greatest stape change for the least
wind. Winds of 24 to 32 km/hr from any direction caused stage changce
of 0.15 to 0.30 m, b sousheactroriy windas had to be greater than 4
32 km/hr to causne i Shange, ? »
39, The test site is an environment churacterized by high wave o
energy. Development »f a pulf coast salt marsh would be facilitated
by the absence of water and sediment pollutants but would require pro-
tection from the weve actions and water stage fluctuations, as well as

selection of species adaptable to this energv regime.

(I
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Table 1

-Frequency and Mean "o} O - fnds, Calveston Airport, 1951-1960%

September~February March~Augusi. .
. o ~ Percent of Days Fiknine ve W
= 'Mean Daily o . with Wind  Mean Daily ‘ o - with\ ind
. Wind Speed Percent of Days 20.%-3%.0 >i5.6 Wind Speed Tercent of Days
- km/hx’ with Wind _ | _tm/hr km/hr  _ km/hr with Wind
' 1560 8.2 15 12009 0 U6
15,00 7.0 0.8 ' 19.5 . 6.4
15,2 0 . 6.3 0.6 19.30 - 7 9.5
T 6.8 0.1 19.5 . 26,0 C
15.2 5.3 0.1 20,3 32,2
3.6 . 2,0 0.2 18.2

3.9
Y2
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Tahle

Water and Sediment Quality Parameters and Procedures

Sample Type

Collection/In Situ
Apalvysis

Method of Analysis

Water

Water (total) -
" 'Water. (total)-

- Water (total) ke

Dravn from submerged
in situ anslyeis
ST, e Wt

nani;

a1

1.

‘Distillation (spectro-

»Phosphomolybdate

“Thorin (Bpectropho~

(Continued)

Atomic absorption

Brucine (spectro-
photometric, manual)

NMazotization (apectro-
phetonetric, manual)

photometric. manual)a

(spectrophotometrie.
manunl) ~_,$,“

Manomettic
Atomic
Atomic
Atomic
Atomic

#arual caleulation

abaorption' o
absorption
aksorption

absotptioﬁ”

toma rric . manuai}



L Table 2 (Continued) ’ a irféz:? .

"~ Parameter

Collection/In Situ
Analysais

Method of Rnnlysis

Sample Type
,éif<Ch16fidé) » Water
Ly in sita
probe hold

manifold

Ponar gradb

i Water =
" Sediment

Sediment Ponar grab
Water

~ Ponar grab

Drawvn from submerged

' ’

Draﬁn from manifold
- Ponar grab -’
Drawvn from manifold

Drawvn from manifold

Dravn from manifold

Mohr (Titrimetric, . i
manual) _ ;

Yot o ; PRt

.

Manual calculation

Ferron—orthophen~
anthroline (spectro-
photometric, manual) e

Silver-diethyldithi- . = ' -
ocarbamate (sBpectro- ' = E
photometric, manual)

Silver-diethyld{thi-:
- ocarbamate {spectro=
photometric, manual)

Atomic absorption :
" Atomic absorption -
Atomnic Aﬁsorption
Atomic absorption
Atomic absofption
Atomic absorption;,
Atomic absorption

(Continued)

Reference

.iu‘quﬁn‘e: glfikiéiéjé




b Table 2 (C itinued) : ‘ S

o . Collection/In Situ

; *abhraﬁeﬁéf ' Sample Type Analysis Methcd of Analysia » Referéﬁéhik”?>L,3
' Sediment Ponar grab Pyridine-pyrazolbne Brown et al;ikl97£5'
‘ (spectrophotometric, PR
‘ manual) :
’ . Water  Drawn fron manifold Atomic absorption
’.T”Water ~+ Drawn from manifold _Atomic absorption
' Sediment  Ponar grab Atomic absorption
 Water Drawm from manifold  Atomf{c absorptioca
Water Nravn from man(fa10 Atomic absorption
Sediment Treoar gron atomic absorption
',‘i; ‘Water m 7?"br§§nmf§6Q”ﬁhﬁifgi&i'ﬂﬂtéﬁié absorptioﬁ:

b;v§Sedimant . Ponar grab Atomic absorption
" Water Drawn from manifold Atomic absorption
antef‘\; ffDrawn'from manifold Atomiciabeorptién : 
'Hater ,; .,Draﬁn from manifold Atomic absorption .

Sediment” . Ponar grab. " Atomic absorption o
Water (totgl):fnrnwn from manifold Gas chrohatography’f 5'f“

'

3 5ediﬁeﬁ£‘  Ponar grab . Gas chromatography
- HWater (tctal) Drawn from manifold Gas chromatography
" Sediment Ponar grab Gas chromatography

(Continued)




Tabie 2 (Continued)

Gl e Collection/In Situ ) .
Parameter .. _Sample Type Analysisg Methnd of Analvaia Reference ' .

DD pater (total) DBrawn from manifcld Cas chromatngraphy - Goerlitz and Brown
g e S o ‘ (1972) .
. Sediment Ponar grab : "o e

" Water (to'tél) “rawn from manifold o
: Sediment ' Ponar grab = e

.. Water (total)‘ “ Prawn from manifold "
: * ‘Sediment ' Yonar grab "
B E‘Pllaiter (total) Drawn from manifold : "
Sédiment' " Ponar grab R ) "
Water (total) Drawn from manifold o

‘ Sediment : Ponar grab . BT '

WWa'tér (total) Drawn from manifold "

- " Sediment ronar grab .
Heptacﬁ%eg-‘epoxidepﬂéter (total) oaws 7o Cana Y
2%, ' “;Sediment; s B OABL - BTab - oo e e
,"Waéét (total)w"»Drawn from manifold - , ) ""_

" 8ediment = . Ponar grab = - S "

. Water (total) Drawn from manifold , - ~ .."

Water (total, Drawn from manifold e

(Contiﬁuéd)




Table 2 (Continued)

Parameter - Sample Type

Collection/In Situ
Analysis

Method of Analysis

Malathion® = Water (total) Drawn

Water (total) Drawn
Water (total) Drawn
Sediment |~ Ponar

" Water (totai) Drawn
‘f;EjSediment‘ﬁ? Ponar
’fwﬁter'(total)f Drawn

“Sgdimgnc,‘ Yonar

' Water (tofal) Drawn
"\'Sediment | Ponar

Ponar
Drawn
il Ponar
- Wétei’(fotéljj,braWn
" Sediment
,3V1Water (total) Droawm

-

Ponar

Sediment Pansr

Drawn

N P - e e e

from

manifold Gas chromatography

o qen d £
WaGaolad

manifold
mantfold

manifold

ménifdiéC:{.i
mgnifq;d
m&ﬁifoi&
meﬁiféldv

manifald

. (Continued)

Goerlitz and Brown,
(1972) ~<

"




- Table |2 (Conclud~d)

Collection/In Situ

Sample Type Analysis Mathod of Analysis __ Referemce
. Water Drassy §oos oo reddd inf ared nnal‘ysis" 4 .Gdétlié,z‘»anﬁiﬁi'k}wri
Sus‘:\"e:ided» Drawn from manifold

_ " Total.. ~ . Drawn from manifold

; Water © - . Drawa from manifold

3‘ Water Drawn from manifold

5 Water Dravm from manifold

! Suspended Drawn fyvom manifold

} Drawn from manifold

% Drawn from manifold . - -

: Drawn’ from manifold

Drawn - from manifold; EER

hid: Watex

1y

.(total) 'Orawn from manifold

Draim from manifold '




Table 3

‘Comparsaon of Water QGunlity Data Col locted Near Hanna Reef
With ‘Ihat Collected Near Bolivar Feninaula Te8t Site

Bolivar . R T
PR " Hanna Reéf " " Peninsula : Mean Value at Surface
. Parsmeter Site 29 Data*® Test ifte Datard “For Al)l Sampling Sites -

__ (Continued) | - . (Sheet 1 of 3) i




Table 3 (Continuad)

oo ) Bolivar :
AN iR Hanna Reef Peningila Mean Value at Surfaced
Parametex ' Site 29 Datax Test Sita Datakw For All Sampling Siteg
Dissnlved organic carbon, mg/f ‘
- Maxdmum _ - 15 S
 Minimum ' - : 5.0 6.5
- . - 7-5 A
- 1.4 ’ U
o 0.6 0.9 1
1.0 :
Dissolved exygsm. mg/t o :
¢ Maxdmum o 11,1 10.3
o . Minigum : 5.4 55
' " Mean (x) £8.0



Takle 3 (Cdm:lxidcd) o

! Brlivar :
i Hanna Reef Feninsula Hean Value at Surfaced
_Parameter ‘ Site 29 Data* Test Sita Data#h For All Sampling Sites
" Bpeclfic conductance, ywhos
. Maximum . o 37,600 30,000 -
Minimum 7,400 11,000 . 14,655,2 o
Maan (x) et L 22,300 e 14,755.6
Tu:bidit:y.".!’m ‘ A , :
! MaxL Dol e e L S 02758 .
QC- T s
: A 2%9.0
23.3
B i AP R - l:VdJ s e - ——

: /(#hmsr)ﬁ AN
Ik nhould be remambbmd that the Hanna Keef Sita 2% data vere collected monthly aver:
“a pericd e"c:fmr‘ing Y yeara (Mneton 1971), and that tha Balivar Peninaula teﬂ* aa.te :
‘deta were collected by the USGS during & months of a single year (1975).
*Based on samples collected from a depth of 0.3 m.

*4Baged on semples collectsd from a depth of 0.3 m and othar dapths up to lo 9 ..
+8urface samplea are thoae collected from a depth of 0.3 B,




Taltlie b

Bolivar Fenineula Test Sice Data; Field Determinaticns*

- Specific Transpa:
Date Conductanee Tempar- Diesnlved Percent Secc:
of Depth [RULMTE Atvre Oxygea Saturs~ Turbtidity Dis
Collection Time Site (my (Uiel g (L0 pH o _{me/t) rion _Lrny {em:
Line 610
Apr 25, 75 1500 40 0.3 18000 24,7 8.2 8.8 111 10 0 e --
1.5 18070 2’k 8,0 8.7 110 ) —
3.0 19000 73,9 8.2 8.2 102 10 -
K 4,9 19000 23.9 6.1 8.1 101 10 -
Jun 24, 75 1245 4O 0.3 16000 27.2 8.3 7.9 103 25 £7
SO ; 1.5 16000 27.2 8.2 7.5 97 25 e
3.0 18000 27.2 8.2 6.9° 91 © 25 L e
4.9 18000 27.2 8.2 7.0 92 60
S 1040 40 6.3 23000 28.8  —- 7.2 100 10
L 1.5 23000 28.0 - 5.6 77 20
3.0 30000 23.2 — 6.0 86 15
4.6 30000 28.0 -- 5.9 84 © 15
1430 40 0.3 19000 26.7 8.4 9.3 122 15 -
DR o 0.6 19000 26.6 8.4 9.3 122 30 e
Jun 24, 75 1400 40 0.3 17000 6.6 8.3 9.2 121 50 45
, j 0.6 R 8.8

116 50 7 e=

LuonLLnuea)

© from UL 8. Geeloglcal Survey open-file report. (Sheet 1 o

»



Table 4 (Continund)

Specific

: Transpa:
: Date : - oo cm s e Dissolved Percent - Gecc!
e A Depth G Oxygen Satura- Turbidity . Dis!
, Collection Time Site (m) (ioold) ) ek oph _{mg/r) tion (JITU) oo {em”
R Line 620 Continued
Aug 06, 75 1245 40 0.5 17000 29.0 — 8.7 119 - -
Line €30
_Apr 25, 75 1415 40 0.3 1000 25.3 8.4 3.5 122 10 -—
C . 1.1 1000 25,2 .4 9.5 120 10 —
- Jun 24, 75 1345 40 0.3 14000 ne n 2.0 2.7 114 25 55
e 1.2 17000 26,7 8.1 8,1 107 40 -
8ug PS5, 73 1230 40 0.3 18050 28.5 - 8.0 108 15 . e
S 1.1 25000 28.0 - 7.0 97 n ‘ -
}inqﬁéﬁg
40 0.3 18000 2.0 8.4 9.3 118 1
0.9 18000 24.7 8.4 9.3 118 10
1.4 18000 24.6 8.4 9.1 115 10
40 0.3 13000 27.7 - 9.1 118 55
e 1.2 13000 27.0 - 9.3 119 70
May 14, 75 1500 40 0.3 14000 27,9 - 9.1 120 40 L e
e 1.2 14000 26.8 - 8.8 113 85 . e
‘May 14, 75 1600 40 0.3 13000 28.2 - 9.6 126 LT -
AN 1.4 15000 26.5 - 8.9 114 80 -
(Continued)

(Sheet 2



Table 4 (Continued)

Spercific Transpa

Date Conductance Tempor- Niacolved [Percent Seccl

o of Depth (umhos} ature Oxygen Satura- Turdidfity Dist
Collection Time Sfte __(m) = (Fteld) ~— (9C) pH - _(me/1) = wien (300 _ | (em

Line £40 Centinucd

May 14, 75 1700 40 0.3 12500 23,1 - 10.1 133 a0 —
: 1.4 130300 6.4 - 7.2 24 &0 ) —
May 14, 75 1805 40 0.3 14000 27.8 e 10.0 132 10 -
Ragin DT 1.4 . - 7.4 95 50 -
‘May 14, 75 - 1900 40 0.3 9.8 127 30 -
AL 1.4 17000 26,46 o~ 7.2 2% 60 -
Cway ae, 75 2000 4O 0.3 14000 27,3 - 9.3 21 ou -
SN 1.4 15000 26.5 - 7.6 97 -1 T
40 0.6 12000 26.8 8.2 B.: 114 — -
1.4 12000 26.8 8.1 8.7 12 320 —
40 0.6 12000 26,3 8.3 8.3 105 - —
L iR 1.2 12600 26,3 8.2 8.2 104 170 -
I May 15,75 0105 40 1.1 11600 255 A A2 101 190 -
‘'May 15, 75 0205 40 1.1 12603 25.0 8.2 7.9 98 230 -
‘May 15, 75 0305 40 1.1 12000 26.7 6.2 7.9 98 180 —
say 15,78 DAID 4O 1.0 12000 26,4 A2 7.9 % 1T -
May 15, 75 0505 40 1.0 12000 26.0 7.9 7.9 96 180 T
May 15, 75.- 0610 40 1.1 12000 23.8 8.2 7.9 96 170 JEFEE—
May 15, 75 40 1.2 110090 23.4 &2 7.8 53 180 -
E s {Continued)

{Sheet 3 «
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Tatle 4 (Continnad) "

:'/v
K Ira.
Date [QRY SEarY Trempays= Diagolved Verceas €
of Dep:h ‘o : Ariien (Oroson Satura=- YTurbidiew
Lolleriiom TMre  Site  _yp {000 0 Lo wiL el _tlen o (STU)

Line 640 Continund

Hay 15, /3 O&lu 40

1.1 T D 8.3 7.6 40 130
May 15, 75 0930 40 0.3 12067 24.3 8.4 7.7 94 146

1.2 12060 23,9 8.0 7.9 96 240

5 May 13, 75 1000 40 0.3 12600 2405 B.4 7.0 93 119
b ‘ 1.2 12009 2.4 B2 7.7 94 260
{ . May 15,75 1100 40 0.3 12000 24,4 - 7.8 93 120
{ (R , 1.2 12000 4.5 - 7.9 96 200
§ 7S 1200 40 0.3 12000 24,8 ~- 7.9 28 105
! o 1.7 12000 24,9 - 2.0 93 200
i L1300 40 0.3 12000 25,2 -= 8.1 100 80
f 1.2 12000 25.4  — 8.2 102 100
| 11400 40 0.3 12000 25,4 - 8.5 106 100
! N 1.2 12000 25.7 - 8.5 105 95
! 1500 40 0.7 12609 25.1 - 8.4 104 15
' _ 1.0 I 251 == 8.6 106 150
1600 40 o, R 8.4 105 150

S 1. PP 8.8 0 2,
_May 15, 75 1700 40 0.3 11009 5.7 - 8.0 99 210

1.2 11000 25.7 .- 8.2 iGe £i5

s ! {Contimied) .
e o {Bhee




Table 4 (Coneluded)

Trans;

Do Conductance  Tempar=- Dinsolved Percent " Ber
o Depth (umhos) ature Oxygen Satura- Turbidite - ne
Colle lime Site (m) (Field) (P€) . oM. _Qup/%)  _tion (J1y) G
Line 640 Contlinued
CMay 15, 0L 1800 40 0.3 11000 25.4 - 8.2 101 190 -
» 1.2 11600 25.5 - 8.3 102 270 Y.
1300 40 0.3 11000 25,2 - 8.1 99 200 ’ -
. 1.2 1500 2305 e 8.5 105 200 .
2010 40 0.6 11000 24.9 .- 3.1 99 —-— i
‘ 1.3 11000 26,8 - 8.2 100 200 -
2110 40 0.6 11600 4.0 - 8.0 28 ‘
, 1.3 11000 24,3 e 8.1 98 240 -
2210 40 0.6 11000 2.4 - 7.9 96 -
S 1.2 12000 24,2 - 7.9 " 96 180 -
2300 40 0.6 12000 26,0 ~= 7.9 96 _—
, 1.2 12000 23,8 - 7.9 96 200 *
2400 40 0.6 13000 23,6 - 7.9 95 -
L ‘ 1.1 13000 23.5 == 7.9 95 150 .
“May 16, 75 0100 40 0.6 12900 23,4 - 7.8 94 —
oy , 1.1 12600 23.3  e- 7.9 95 130
1320 40 0.3 16000 26.9 8.3 8.5 112 o2 et
. ; 1.4 19000 27.3 8.2 5.8 91 60 -
1215 40 0.3 21000 28,4 e 7.4 101 20
: 1.2 28000 28.4 - 6.3

89 20



o S
Table 5

Bolivar Peninsuls Ter: Site Datx: Nutrients and Other Fovirommental Characteriatics®

) . Disaoivad Eiocheuleal Che
. Plrenlved Total Ammonta Yotel Fhospliorus Toral Ovipen L Ox
1 Dace 3 1tea Rirrera Hitroeen Rit:'em Githo Theanhotusy Proveand > De
i of Depth (: vv‘)z) [G3) (€1)] { ) oy { ) . (¢
{ follocts o Stte _(wy Seala o el e/t (e t) (ee/0Y 0 Cwstll o fesft) 0 (r
T Line 610
1 Apr 25, . J 40 0.3 12 N n.on 0.0 -— 0,06
[ T 4.9 ok 0N - Q.08
L 24, v 5 40 0.3 . .. 0.12
PRI S N ) 2,8 70,0 0 0.07 B N3 ! - g.19
: n 40 0.3 - 0.0 0,01 Coony - 0oy
[N} 4.4 0.0 0.0 0.0} —— 0,27
Line 620
oy 40 0.4 1.9 0.0 0.01 0,00 e .08
s A o 7.3 0.0 n.01 0.0} - .18
ST 0.3 5.4 0.0 2.0} .09 - 0,28
: T (..... ’.!:7!\ )
115 A0 1.1 2.2 0.9 0.60 0.09 -~ 0.07
fltm 2, 2 A 40 0.3 2.3 0.0 Q.08 o.M LA . 0.17
ox 1230 - 40 1.1 - 0.0 2.0 0. - 0.3%
Lo Line 640
Apr 23,75 1330 - A 0.2 2.1 0.0 0.00 0.7 ~ 0.09
e g - 1.4 el 0.0 6.1 0.0 - 0,10
Jun 24, 75 160 40 0.3 2.6 0.0 0.0} 0.91 L 0.17
Gl 1.4 2.5 ¢.0 0.1} [ ] - 0,22
Aug 06, 3% 18 40 0.3 - 0.0 0.01 0.0 - 0.27
1.2 4.8 0.0 0.01 0.0 - 0.31
& Teken f:.- . 5. Geological Burvey open~f.la report.
o £ o GRS £k A I DR - L . TR . P Vg o SH WG E R R



Tatla &

Tolivar Peatasule Teer Sipa Darap Melo: Copatifuents®

e i B i e 1 0 o 0 ,m»vw«w\-wum;i\;r‘;m»

Dliaat . Niasotand  teew V.4 ot s d PleneYwed  Blaertvad Eslids
Crltedon Mamrant i Yoitars [ PETRE T {2ms of
Dapth {Ca) v} ; ; (G N fomnr ftysnte
FELT SN G I ¢ > 4 DR C Y0 I { S B IO SRS SUI £ X4 ¥
Ling 618
43 . 150, W (R Y 3% 50 i 11000

G - #
150, % 400, 0 AR 140 154 E1G [ 3 uion

1400 3%9.0 a0 129 113 T4y AR 5130
160.: %i0.0 i 192 ith a5 €200 S SR X
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1.4 [ < 185 L RAME L R0
2 a0 3.1 . — T
&0 9.6 o - wu . wn e . ST ey
B 1 ] 4.3 1404 £10.9 10 Wil ) <t Awivg
3 1.4 L 0.0 | RG] 17 L35 G40 L L SAIN0
[ T WG £ n o . . o - -~
: 1.2 25,0 14,9 110 13% LR 1i0eg 1954
- . A RS RS0 8 18 i
LI . 8. Ge~togleal Survey opan File topave, :
R [ . R N A SN AR S an B UV P SR ISP S SOe - ON T Sro: vy T oy



£ar

Apt

R [T

Rolivayr o
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valysen®
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s J—

40 3,3 10
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0

1
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